Nine phenolic compounds, quercetin, epi-catechin, catechin, 4-hydroxybenzoic acid, kaempferol 3-O-β-glucopyranoside, quercetin 3-O-β-glucopyranoside, quercetin 3-O-6"-trans-coumaroyl-β-glucoside, kaempferol 3-O-β-rutinoside and quercetin 3-O-β-rutinoside, were isolated from the EtOAc leaf extract of Rhizophora mangle (Rhizophoraceae) combining counter-current chromatography (CCC) and gel-filtration. A solvent system of n-hexane-ethyl acetatemethanol-water (1.5:6:1.5:6) was employed at the preliminary stage of EtOAc extract fractionation as it was shown to contain compounds that differed highly in their hydrophobicity. The obtained fractions were further purified by either CCC or gel-filtration depending on their complexity. The isolated compounds were analyzed by NMR spectroscopy and the proposed structures were confirmed by HRES/ESI/TOF MS. Some of these compounds were isolated and/or identified for the first time in R. mangle.
The key to any study of material from natural sources is the availability of suitable separation methods for the isolation of pure compounds. Although several methodologies have been developed, most separations are performed by classic solid-support chromatography, which tends to adsorb compounds irreversibly. For this reason, all-liquid techniques are currently attracting considerable interest [1] .
Counter-current chromatography (CCC) has become an effective alternative to the solid-support techniques because it is a high speed, high loading and high resolution, support-free liquid-liquid partition chromatography, which can eliminate irreversible adsorption of samples, having an excellent sample recovery [2] [3] [4] . Separation is based on the partitioning of solutes between two immiscible liquid phases being the relative proportions of solute in each phase determined by the respective distribution coefficient [1, 4] . Taking advantage of the all-liquid phases and its high ratio of stationary phase in the column [2, 5, 6] , CCC was used in the preliminary stage of fractionation of the crude EtOAc extract of R. mangle leaves. The obtained fractions were further purified by either second step CCC or gel-filtration chromatography, showing that a combination of different techniques can increase the resolution power of separation methods in natural products chemistry.
Rhizophora mangle (Rhizophoraceae) is a widespread, native Brazilian mangrove tree [7] . It occurs all along the coast, from the State of Pará until the State of Santa Catarina. It is popularly known as 'red mangrove' [8] and recently the anti-ulcer activity has been proved in many studies [9] [10] [11] . Previous phytochemical studies of this species described the isolation from its leaves of flavonoids [12] , triterpenes [13] [14] and tannins [12, 15] . The EtOAc extract of R. mangle was first analyzed by TLC followed by visualization under UV light and negative mode HRES/ESI/TOF MS direct injection. The elution profile on TLC and major ions obtained by MS analyses, combined with previous phytochemical studies of R. mangle [12] , suggested the presence of flavonoids with highly different hydrophobicity in the extract, containing none, one or two sugar moieties. Taking into account that it is very difficult to isolate compounds from this kind of matrix in a single chromatographic step, CCC was used in the preliminary stage of crude extract fractionation, as it is an all-liquid technique that has a high load ability [2, 5, 6] to obtain less complex samples to purify.
Solvent system selection:
In contrast with conventional liquid chromatography that uses a single phase to elute the analytes from the solid support, the CCC technique uses a two-phase solvent system: one as the stationary phase and the other as the mobile phase [4, 16] . The selection of the solvent system is the most important step in CCC [16] , as it is possible to choose both stationary and mobile phases at the same time and estimated as 90% of the entire work [4] . Without consulting the literature, the search for a two-phase solvent system for the successful separation of a particular class of compounds can be very time-consuming.
In the last years, CCC has been broadly applied to the separation and purification of flavonoids and phenolics from different natural sources due to its all-liquid technique advantages [17, 18] . The solvent system n-hexane-ethyl acetate-methanol-water (HEMWat) is proposed as a starting point for the separation of flavonoids [18] .
After testing HEMW at 6:6:6:6, we realized that this sample was very polar to be fractionated by this ratio so we moved to more polar ratios of 3:6:3:6; 2:6:2:6 and 1:6:1:6 [19] . These three solvent systems were not able to provide suitable K values for the compounds in the extract because they were either too large (ratios 3:6:3:6 and 2:6:2:6) or too low (ratio 1:6:1:6). At this point, a finetuning step was used, testing the intermediary ratio 1.5:6:1.5:6. The new tested solvent system was selected for the separation.
CCC separation procedure: HEMW as the solvent system at ratios of 1.5:6:1.5:6 was employed for the preparative fractionation of 2 g of R. mangle EtOAc extract in a 310 mL volume coil, affording fourteen main fractions, which were combined by TLC similarity (F1 -F14) ( Figure 1 ). Comparing NMR data with literature, F1 (7.1 mg) was identified as quercetin (1) [20] and confirmed by HRES/ESI/TOF MS.
Gel filtration chromatography:
Less complex samples, F6 (128 mg), F7 (33.4 mg), F9 (83.7 mg) and F10 (46.7 mg), needed further purification and this was achieved by gel-filtration. The isolated compounds were analyzed by NMR spectroscopy and the proposed structures were confirmed by HRES/ESI/TOF MS.
The purification of F6 by gel-filtration chromatography afforded 15.2 mg of catechin (7) and 30.5 mg of a mixture of catechin (7) and epi-catechin (8) . The purification of F7 using the same method afforded 5.4 mg of catechin (7) , and 8.3 mg of kaempferol-3-O-βglucopyranoside (5) . F9 and F10 afforded 27.1 and 13.4 mg of quercetin-3-O-β-glucopyranoside (2).
Second step CCC:
More complex samples, F2 (18.0 mg), F3 (28.1 mg) and F13 (1333.9 mg), were further fractionated by a second CCC step. F2 and F3 needed a less polar solvent system as they eluted in the non-polar organic phase in the main separation procedure. On the other hand, F13 needed a more polar solvent system as it was retained in the aqueous polar stationary phase ( Figure 1 ).
For F2 and F3, less polar ratios of the HEMWat solvent system were tested, ranging from 4:6:4:6; 3:6:3:6 and 2:6:2:6 [19] . For both fractions, the chosen ratio was 3:6:3:6 as it provided a good distribution of compounds between the two phases. It was employed for the semi-preparative purification in an 80 mL volume coil. From F2, 10.8 mg of 4-hydroxybenzoic acid (9) was isolated in fractions 10-19. From F3, 5.8 mg of 4-hydroxybenzoic acid (9), and 17.3 mg of quercetin-3-O-6"-trans-coumaroyl-β-glucoside (4) were isolated in fractions 14-18 and 53-60, respectively.
In cases where the HEMWat solvent system is not effective for separation of high polarity target compounds, enhancement of its polarity needs to be made. If the use of more polar ratios (1:6:1:6) does not produce the intended result, the introduction of a fifth solvent acting as an organic modifier -n-butanol (Bu) -or the use of a more polar solvent system -ethyl acetate-n-butanol-water (EBuWat) -is suggested [18] . HEMWat (1:6:1:6), HEBuWat (1:6:0.5:1:6) and EBuWat (5.7:0.3:6) were tested. The chosen solvent system was EBuWat, as it provided a better distribution of the compounds in the phases. A preparative separation using the 80 mL coil was performed for F13. Kaempferol Our results demonstrate that CCC is a powerful technique for either the preliminary stage of crude extract fractionation or the final purification of isolated compounds from natural sources and that chromatographic techniques have their resolution power increased when combined.
By combining CCC with gel-filtration chromatography nine compounds were successfully isolated from the EtOAc extract of leaves of R. mangle, a typical plant of Brazilian mangroves. It is the first time that quercetin, 4-hydroxybenzoic acid, and quercetin-3-O-6"-trans-coumaroyl-β-glucoside were isolated from this plant, as well as the complete structure assignment of glycosylated quercetin and kaempferol derivatives.
Experimental
Reagents: Organic solvents used for the preparation of crude extracts and HSCCC separations were of analytical and/or HPLC grade and purchased from Tedia Brazil (Rio de Janeiro, Brazil). All aqueous solutions were prepared with pure water produced by the Milli-Q water (18.2MΩ) system.
HSCCC equipment:
Preparative HSCCC was performed on a Multilayer Coil Separator -Extractor counter-current chromatograph (P.C. Inc., Potomac, Maryland, USA) equipped with a polytetrafluoroethylene triple multi-layer coil (15 mL, 1.0 mm i.d. + 80 mL, 1.6 mm i.d. + 230 mL, 1.6 mm i.d.) equilibrated by a counterweight. The rotation speed is adjustable from 0 to 1000 rpm. The HSCCC system was connected to a constant flow pump Series II (Scientific Systems Inc., Lab Alliance) and a Merck fraction collector L-7650 (Merck, Darmstadt, Germany). A 5 or 10 mL sample loop was used to inject the sample.
Preparation of crude extract: Rhizophora mangle was collected at
Reserva Biológica e Antropológica de Guaratiba, Rio de Janeiro, Brazil, in November 2010. Dried and ground leaves (730 g) were extracted with ethanol-water (8:2) by maceration. The solvent was evaporated under reduced pressure on a rotary evaporator. The crude extract was partitioned between water and n-hexane, dichloromethane and ethyl acetate, in that order, affording 4 different extracts: n-hexane, dichloromethane, ethyl acetate and aqueous extract.
Selection of the two-phase solvent system:
A number of two-phase solvent systems were tested by changing the volume ratio of the solvents in the system to obtain the optimum composition that gave suitable distribution coefficients (K D ).
Small amounts of the sample were dissolved in a small test tube containing the equilibrated two-phase solvent system. The test tubes were shaken and the compounds allowed to partition between the two phases. Equal aliquots of each phase were spotted beside each other separately on silica gel TLC plates (Merck Art. 05554, Darmstadt, Germany), and developed with the ethyl acetateacetone-water (25:10:5). The results were visualized under UV light (254 nm).
The solvent systems tested for the crude EtOAc extract were nhexane-ethyl acetate-methanol-water (HEMWat) ranging from 6:6:6:6, 3:6:3:6; 2:6:2:6, 1.5:6:1.5:6 to 1:6:1:6. For the second step, CCC of Fractions 2 and 3, the solvent systems tested were HEMWat 4:6:4:6, 3:6:3:6 and 2:6:2:6. For the second step CCC of Fraction 13 the solvent systems tested were HEMWat1:6:1:6, Isolation of phenolics from R. mangle by CCC and gel-filtration Natural Product Communications Vol. 9 (12) 2014 1731 n-hexane-ethyl acetate-n-butanol-methanol-water (HEBuMWat) 1:6:0.5:1:6 and ethyl acetate-n-butanol-water (EBuWat) 5.7:0.3:6.
Preparation of the two-phase solvent system and sample solution:
The selected solvent systems were thoroughly equilibrated in a separatory funnel at room temperature. The two phases were separated shortly before use and degassed by sonication for 15 min. The aqueous lower phase was used as stationary phase while the organic upper phase was used as mobile phase, in tail to head direction. All sample solutions were prepared by dissolving the sample in the solvent mixture of the aqueous lower phase and organic upper phase (1:1 v/v) of the solvent system used for HSCCC separation.
Separation procedure:
In each separation, the coil was first entirely filled with the aqueous stationary phase, and then the apparatus was rotated at 900 rpm, while the organic mobile phase was pumped into the column. The flow rate used for the preparative run of the crude EtOAc extract was 3 mL.min -1 . The flow rate used for second step CCC runs of Fractions 2, 3 and 13 was 2 mL.min -1 . After the mobile phase front emerged and hydrodynamic equilibrium was established in the column, the sample solution was injected into the column through the injection valve (Rheodyne model 5020, USA).
Preparative fractionation of the EtOAc extract: Two g of R.
mangle EtOAc crude extract was first fractionated with the solvent system composed of n-hexane-ethyl acetate-methanol-water (1.5:6:1.5:6) using the combined 80 and 230 mL coils (total of 310 mL volume). Seventy-eight fractions of 12 mL were collected with rotation turned on and then the stationary phase was fractionated into 26 fractions of 14 mL. This procedure resulted in 14 main fractions (F1 -F14), which were combined by TLC similarity (Fig.  1 ).
Second step gel filtration of F6, F7, F9 and F10
: F6 (132 mg), F7 (33.4 mg), F9 (83.7 mg) and F10 (46.7 mg) were further purified by gel filtration chromatography using 50 g of Sephadex LH-20 (25-100 µ SIGMA-ALDRICH®) packed into a glass column (38 cm x 1.5 cm i.d.) as stationary phase and methanol as mobile phase.
Second step CCC of F2, F3 and F13: F2 (28.7 mg) and F3 (18.1 mg) were further purified by CCC using the 80 mL coil and HEMWat (3:6:3:6) as solvent system. Forty fractions of 4 mL were collected with rotation turned on and then the stationary phase was fractionated into 20 fractions. Using EBuWat (5.7:0.3:6) as solvent system, F13 (1.333 g) was also purified under the same conditions described for F2 and F3.
Analyses and identification of flavonoids:
The EtOAc extract and each fraction from HSCCC and gel-filtration chromatography were analyzed by TLC (Merck Art. 05554, Darmstadt, Germany), developed with the organic phase of ethyl acetate-acetone-water (25:10:5).
HRES/ESI/TOF MS analysis of the EtOAc extract and the isolated compounds was carried out using a MicrOTOF II mass spectrometer (BrukerDaltonics, Inc., MA, USA). Samples were infused directly into the source at a flow rate of 0.12 mL.h -1 . The source temperature was set at 180ºC, the drying gas (nitrogen) flow rate was 4.0 L.min -1 , and the nebulizer gas (nitrogen) pressure was 0.4 bar. 1 H and 13 C NMR spectral measurements for the isolated compounds were recorded on a Varian VNMRS500 (California, USA) at 25 o C, operating at 500 MHz for 1 H and 125 for 13 C, using either deuterated methanol or DMSO, and TMS as internal standard.
